Two field experiments were conducted during 2016 and 2017 seasons at the Experimental Farm, Fac. Agric., Minia Univ. to study the effect of compost, mineral NPK and/or Effective microorganisms (E.M.) on the performance and chemical constituents of bermuda grass grown in sandy soil.
INTRODUCTION
Turfgrasses are used for home lawns, commercial landscapes, athletic fields and golf courses to improve quality of life by providing open space, recreational business opportunities, enhancing property values and the conservation of important natural resources, (Duble, 2010) . Bermuda grass (Cynodon dactylon, L.) is the most common lawn grass in Egypt. Therefore it represents the largest part of the green area of any garden. It is used as front view for trees, shrubs and flower beds. It plays an important role in controlling soil erosion, stabilizing dust, abating noise and dissipating heat. In addition, its use in the playground of soccer and golf-course sports and airports is must.
The present research was planted to substitute, partially or completely the convention, regularly used, mineral NPK fertilizers by compost and/or Effective microorganisms (E.M.) in planting bermuda grass in sandy soils. Many researchers reported the beneficial influences of compost or other organic fertilizers on vegetative growth and/or chemical constituents of different turfgrasses such as Loschinkohi and Boehm (2001) , Sellers et al. (2002) , Lawson (2002) , Montemurro et al. (2004) , Sakr et al. (2008) , Abd-Elgaber (2010) , Ziblim et al. (2012) , Javahery et al. (2012) , Abdou et al. (2013) , Kumar and Nikhil (2016) and Vennila and Sankaran (2017) . Some other investigators concluded the desirable effects of E.M. and other related biofertilizer products on numerous turfgrass sp such as Jakab (2008) , Stasmenov et al. (2012) , Yuojen (2015) , Dwivedi et al. (2016) and Kumar and Nikhil (2016) . Similar beneficial effects were pointed out on yarrow (Abdou et al., 2015 and Mohamed, 2016) ; lemongrass (El-Nady, 2015) and Gardenia jasminoides (Badran et al., 2017) . However, the positive effects of mineral NPK on the performance and chemical composition of turfgrasses was reported by Soliman (1992) , Trenholm et al. (1998) , Li et al. (2000) , Manoly (2000) , Hassan (2012) , Popovici et al. (2012) , Badran et al. (2015) and Dergham et al. (2017) .
MATERIALS AND METHODS
The seeds were obtained from Hamza Co., Giza, Egypt. The experiment was arranged in randomized complete block design (RCBD) in split plot design, with three replicates, i.e. four compost levels (0, 7.5, 15.0 and 22.5 ton/fed) in the main plots and four (NPK and/or E.M.) treatments (0, 100 % NPK, E.M. and 75 % NPK + E.M.) in the sub-plots. The planting area was digged out to 25 cm depth., then refilled with sandy soil mixed with the assigned levels of compost (0, 7.5, 15.0 and 22.5 ton/fed) according to the tested treatments. Experimental unit was 1.5 × 1.0 meter. Each one of the four compost levels was separated from the other by wood layers. Physical and chemical properties of the used soil are shown in Table (1). The used compost, with physical and chemical properties as shown in Table ( 2), which named El-Neel compost was obtained from the Egyptian Co. for Solid Waste Utilization, New Minia City, was mixed thoroughly with the sandy soil before refilling the plots according to the four different compost treatments. The seeds of bermuda grass were sown by broadcasting method on April 25 th of both seasons at the rate of 1 kg/25 m 2 (60 g/1.5 m 2 ). Irrigation was done promptly every day for the first 10 days, then every two days for the second 10 days and every three days for the fourth week using a hand sprayer, then irrigation was applied regularly thereafter. So, the main plots included four level treatments, namely, zero, 7.5, 15.0 and 22.5 ton/fed compost. While, the sub-plots were consisted of control, 100 % NPK, E.M. and 75 % NPK + E.M. The full dose of NPK (100 %) were 300 kg/fed of ammonium sulphate (20.5 % N) + 200 kg/fed of calcium superphosphate (15.5 % P 2 O 5 ) + 100 kg/fed of potassium sulphate (48 % K 2 O), so, the 100 % NPK = 112.5 + 75 + 37.5 g/1.5 m 2 and 75 % NPK = 84.4 + 56.3 + 28.1 g/1.5 m 2 . All assigned phosphorus fertilizer amounts were applied to the sandy soil before planting, while those of N and K fertilizers were divided into three equal batches and added at one month intervals starting June 1 st for both seasons. Meanwhile, E.M. obtained from the laboratory of biofertilizers, Dept. of Genetics, Fac. Agric., Minia Univ. was applied three times as foliar spray at the rate of 500 cm 3 /1.5 m 2 after 38 days from sowing date and each one month thereafter. All other agricultural practices were performed as usual.
Three clippings were taken on the first day of July, August and September for both seasons. Data for vegetative growth were recorded three times for each season for plant height (cm) one day before each clipping, covering density %, clipping fresh weight (kg) and clipping dry weight (g). In addition, the three photosynthetic pigments i.e. chlorophyll a, chlorophyll b and carotenoids content (mg/g F.W.) were determined in the third clipping according to Moran (1982) , while N, P and K %, taken also from the third clipping, were determined following the methods of Wilde et al. (1985) , Chapman and Pratt (1975) and Cottenie et al. (1982) , respectively.
Obtained data for vegetative growth and chemical constituents were tabulated and statistically analyzed according to the method of MSTAT-C (1986) .
RESULTS AND DISCUSSION

Vegetative growth parameters:
All of the four studied vegetative growth characteristics, plant height, covering density % and fresh and dry weights of the clippings, in the two experimental seasons, were gradually increased from the first clipping and up to the third clipping regardless of compost level treatments and NPK/E.M. treatments.
a. Plant height (cm):
Plant height of bermuda grass became significantly, taller due to the three used compost levels 7.5, 15.0 and 22.5 ton/fed for the three used clippings in comparison with control treatment, in both seasons, as shown in Table ( 3). Moreover, plant height was gradually increased parallel to the increase in compost level with the tallest plants being obtained due to the high compost level (22.5 ton/fed) in each of the first, second and third clipping. The role of organic fertilizers in promoting plant height was reported by Loschinkohi and Boehm (2001) on two turfgrasses sp.; Montemurro et al. (2004) , Abd-Elgaber (2010) and Abdou et al. (2013) on Lolium perenne and Kumar and Nikhil (2016) on vetiver grass. Concerning the other factor, its three treatments, mineral NPK, E.M. and 75 % NPK + E.M. proved to be significantly capable of augmenting plant height of the three clippings in both seasons over the control treatments as clearly indicated in Table ( 3). Among such three fertilization treatments, the highest values, in descending order, were due to the dual one (75 % NPK + E.M., NPK and E.M.). These results provided to consistently true in the two seasons for the three clippings, (Table,  3 ). In agreement with results, obtained by mineral NPK were the findings of Soliman (1992) on Lolium perenne; Manoly (2000) on bermuda grass; Hassan (2012) on some turfgrasses sp.; Badran et al. (2015) on three 
b. Covering density %:
All applied compost levels, for the three clippings and in the two seasons proved to be significantly effective in increasing the covering density % of bermuda grass in comparison with control plants. Moreover significant differences were existed between each two successive compost levels with gradual increase in covering density % parallel to the gradual increase in the level of the applied compost. Such results were typically similar for the three clippings in both seasons as shown in Table (4). The covering density %, due to the use of the (Table 4 ). The role of organic fertilization in promoting the coverage % was found on different turfgrass species such as different turfgrass sp. (Loschinkohi and Boehm, 2001 and Sellers et al., 2002) ; Zoysia japonica (Sakr et al., 2008) ; Lolium perenne (Abd-Elgaber, 2010) and Napier grass (Vennila and Sankaran, 2017) . On the other hand, mineral NPK and/or E.M. fertilizers emphasized also, their capability in inducing the covering density % of bermuda grass plants in both seasons and along the three clippings as illustrated in Table ( 4). The differences among each one of the three compost treatments and the control one were significant in both seasons for the three clippings. But among such three fertilization treatments, the dual one (75 % NPK + E.M.) overgrew significantly the other two treatments (100 % NPK or E.M.). In the second place came the 100 % NPK treatment, while, E.M. registered the lowest covering density %, (Table 4 ). In agreement with these results concerning NPK were those found on bermuda grass (Trenholm et al., 1998) ; four turfgrass cultivars (Li et al., 2000) ; different turfgrasses (Trenholm et al., 2000) ; three warm season turfgrasses (Badran et al., 2015) and seashore paspalum (Dergham et al., 2017) and concerning biofertilizers were those indicated on Lolium perenne (Jakab, 2008) ; English ryegrass (Stasmenov et al., 2012) ; lemongrass (ElNady, 2015) and paspalum grass (Dwivedi et al., 2016) . Table ( 4) showed that the interaction between the two involved factors was significant in the two seasons and for the three clippings. The highest overall covering density % were obtained when bermuda grass plants were supplied with the high compost level (22.5 ton/fed) in combination with the dual treatment of 75 % NPK + E.M. Covering density % due to this superior treatment reached 74.0, 77.0 and 84.0 % in the first season and 74.7, 82.0 and 85.0 % in the second season for the first, second and third clipping, respectively as shown in Table ( 4).
c. Clipping fresh weight:
The three clippings fresh weight, in the two seasons, were gradually and consistently increased parallel to the gradual increase in the applied compost level from zero to 22.5 ton/fed with significant differences being detected between each two consecutive levels. The increase in the three clippings for both seasons due to the high compost level (22.5 ton/fed) was dramatic as it reached more than three folds in comparison with those given by control treatment (zero ton/fed). In agreement with these results were the findings of Loschinkohi and Boehm (2001) on two turfgrasses sp.; Montemurro et al. (2004) , Abd-Elgaber (2010) and Abdou et al. (2013) on Lolium perenne and Kumar and Nikhil (2016) on vetiver grass. Concerning mineral NPK and/or E.M. biofertilizer treatments, all of them in the two seasons and along the three clippings, caused considerable and significant increase in clipping fresh weight in comparison with unfertilized control treatment as shown in Table (5) . Among the three fertilization treatments, the highest clipping fresh weight was obtained from the dual treatment (75 % NPK + E.M.), followed by 100 % NPK, while E.M. treatment gave the lowest values. These findings were similar in the two seasons and along the three clippings. In accordance with these results concerning mineral NPK were those reported by Soliman (1992) on Lolium perenne; Trenholm et al. (1998) on bermuda grass and Li et al. (2000) , Trenholm et al. (2000) and Hassan (2012) Badran et al. (2017) on Gardenia jasminoides. The interaction between compost levels and NPK+E.M. treatments were significant in the two seasons and for the three clippings, with the heaviest overall clipping fresh weight being obtained due to the application of the high compost level (22.5 ton/fed) in combination with 75 % NPK + E.M. dual treatment.
d. Clipping dry weight (g):
Clipping dry weight of bermuda grass, in the two seasons and along the three clippings in response to compost levels, NPK/E.M. treatments and the interaction between them, took the same trend like that illustrated for clipping fresh weight. Each one of the three compost levels, in both seasons and for the three clippings produced significantly heavier dry weight than that of the control treatment, with a gradual increase be observed according to the increase in compost level. The numerical increase due to 7.5, 15.0 and 22.5 ton compost/fed reached 57.9, 170.3 and 218.5 % in the first clipping; 116.9, 237.7 and 304.5 % in the second clipping and 87.4, 162.1 and 196.1 % in the third clipping in the first season in comparison with control treatment. Almost similar findings were recorded in the second (2016) on yarrow plants. In relation to the interaction between compost and NPK/E.M. treatments, it was significant in both seasons and for the three clippings as clearly shown in Table (6) . The heaviest clipping dry weight was obtained when bermuda grass was supplied with the high compost level (22.5 ton/fed) in combination with either 75 % NPK + E.M. or 100 % NPK.
Chemical constituents: a. Photosynthetic pigments:
The three photosynthetic pigment contents, namely, chlorophyll a, chlorophyll b and carotenoids were gradually promoted, in both seasons, parallel to the gradual increase in the applied compost level. The differences for the three compost levels in both seasons, on one hand and the control treatment on the other hand, were significant for the three pigments as illustrated in Table  (7) . On the line with these results were those reported by Lawson (2002) , Montemurro et al. (2004) , Abd-Elgaber (2010) and Abdou et al. (2013) on Lolium perenne and Javahery et al. (2012) on sport lawn. Similar positive effect of mineral NPK and/or E.M. was observed for the three photosynthetic pigments which were significantly induced, (2015), Abdou et al. (2015) , Kumar and Nikhil (2016) and Badran et al. (2017) on bermuda grass, yarrow, vetiver grass and Gardenia jasmenoides. Concerning the interaction between the two studied factors, compost and NPK, E.M., it was significant except that of carotenoids in the first season. The highest overall values for the three pigments were those obtained due to the high compost level (22.5 ton/fed) in combination with 75 % NPK + E.M. as shown in Table (7) .
b. Nitrogen, phosphorus and potassium percentage:
Data in Table ( 8) indicated the existence of significant increase, in both seasons, in each of N, P and K % due to the use of all three compost levels over those of control treatment. Among the three compost levels N, P and K % were gradually promoted parallel to the gradual promoted parallel to the gradual increase in compost level with significant differences being detected between each compost level and the following one. Therefore, the high compost level (22.5 ton/fed) resulted in the highest values of N, P and K % in the two seasons as shown in Table ( 8) . The role of organic fertilization in promoting N, P and K % was found on Lolium perenne (Lawson, 2002; Montemurro et al., 2004 and Abd Elgaber, 2010) ; Zoysia japonica (Sakr et al., 2008) and bermuda grass (Ziblim et al., 2012) . Concerning NPK and/or E.M. fertilization treatments, N, P and K % in bermuda grass were significantly induced due to the use of any one of the three fertilizers over those of control treatments, in both seasons as shown in Table ( However, the dual treatment (75 % NPK + E.M.), as well as, 100 % NPK treatment were much more effective than the E.M. treatment in producing the highest values of N, P and K % in the two experimental seasons. The role of mineral NPK fertilization in promoting N, P and K % was reported on bermuda grass (Manoly, 2000) ; some turfgrass sp (Hassan, 2012) ; tree turfgrass mixtures (Popovici et al., 2012) ; three warm season turfgrasses (Badran et al., 2015) and seashore paspalum (Dergham et al., 2017) . While that of biofertilizers was revealed on lemongrass (El-Nady, 2015); yarrow (Abdou et al., 2015) ; paspalum grass (Dwivedi et al., 2016) and Gardenia jasminoides (Badran et al. 2017) .
Concerning the interaction between compost levels and NPK/E.M. treatments, it was significant in both seasons for N, P and K % with the highest values being obtained due to the high compost level (22.5 ton/fed) in combination with either 100 % NPK or 75 % NPK + E.M. as clearly shown in Table (8) .
In order to explain the beneficial effects of compost, mineral NPK and Effective microorganoisms (E.M.) on vegetative growth and chemical constituents of bermuda grass it is the time to discuss, physiologically, such desirable roles. Many authors reported the advantages of adding compost or other organic fertilizers such as compost increasing macro and micronutrients availability increasing water retention and porosity of the soil and improving soil structure, (Fitzpatrick et al., 2005) . In addition to minimizing the loss of nutrients by leaching, adding considerable quantities of humus, increasing microbial activities in the root zone and releasing carbon dioxide and certain organic acids during decomposition as illustrated by Saber (1997) , Mashali (1997) and Taiwo et al. (2002) .
Concerning mineral NPK fertilization, their vital physiological roles in plant growth and development are well known, however the application of such fertilizers could stimulate the vegetative growth of bermuda grass by increasing the availability of nutrients, thereby stimulating plant height and leaves fresh and dry weights which means an increase in the size of photosynthesing surface that reflect, in turn, in promoting fresh and dry weights of leaves, stolons and roots (King et al., 1999) . Moreover, Bravdo (2000) pointed out that the differences in the mobility of various elements expose the roots to a wide rang of mineral availability and rapid branching of small rootlets, thus increasing the absorbing surface area of the root system and producing numerous active root tips which, in turn, produce plant growth regulators mostly gibberellins and cytokinins. An explanation to increase in the leaves contents of N, P and K and the three photosynthetic pigments due to NPK fertilization might be attributed to the fact that nitrogen is an important constituent of proteins, and/or to the fact that nitrogen is an important constituent of chlorophyll molecule and cytochrome, (Bidwell, 1974) . In relation the Effective microorganisms (E.M.), it contains many useful microorganisms such as photosynthetic bacteria, lactic acid bacteria, yeasts and many others. It was revealed to have positive effects on growth, development and yield of plants through various mechanisms such as biological nitrogen fixation, vitamin production, production of growth substances, providing plants with available phosphorus, increasing the amounts of nutrients in the rhizosphere and used as biocontrol agents, (Dobbelaere et al., 2003 and Berg, 2009 ).
